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Abstract:  Sediment cores were extracted from eight wetlands along the Murrumbidgee River floodplain 
for palaeolimnological analysis. The chronology of all cores was supported by the identification of the 
arrival of exotic Pinus pollen while radiometric dating was undertaken on three wetland sequences. 
The fossil diatoms of all cores were identified and enumerated and the known water quality preferences 
of the common taxa were used to reconstruct the water quality history of each wetland. The inferred 
sedimentation rates in the wetlands ranged from 1 to 10 mm/yr which is within the range documented 
for elsewhere in the Murray Darling Basin. Sediments deposited before European settlement in Berry 
Jerry Lagoon showed shallow, clear water conditions with macrophytes. Several sites show early 
onset of salinisation, and, in the case of McKenna’s Lagoon, eutrophication. By the early 20th century, 
most wetlands had been impacted by either salinisation, eutrophication or elevated levels of water 
turbidity. These symptoms, and the widespread increases in river plankton taxa, can be attributed to 
river regulation. The modern flora of all sites is in contrast with their baseline assemblages. The modern 
diatom assemblages reveal that, relative to their baseline condition, all sites are eutrophic and are 
affected by salinisation and/or increased sedimentation or turbidity levels. 
INTRODUCTION
The condition of floodplain wetlands is a function 
of inputs directly from main river channels, 
mostly in times of flood, and endogenic processes 
which may dominate during low flow when the 
connection between the river and the wetland 
may be severed. This exchange between river 
and wetland (described in Hillman 1986) varies 
transversely across the floodplain with wetlands 
proximal to the main channel having longer 
and more frequent connection than wetlands at 
the floodplain margin. In the Murray Darling 
Basin the condition of the main channel has been 
impacted by human settlement and development 
that has increased the flux of nutrients, sediment 
and salts and regulated flow and extracted water 
resulting in waters that are now more saline, 
nutrient rich and turbid. The flows of the rivers 
have become lower, less variable and of lower 
amplitude with natural winter/spring peak flows 
skewed towards spring/summer to accommodate 
the (Jones et al. 2002; Norris et al. 2002). As a 
result of these changes the quality of the water 
entering floodplain wetlands has declined. In 
addition, development of the floodplain has 
increased the local input of sediments and salts 
to wetlands. In response to this degradation of 
wetland condition there has been deliberate 
action to rehabilitate and restore wetlands across 
Australia. 
Restoration requires an understanding of a past 
condition but often this is presumed or unknown. 
The available monitoring data often lacks time 
depth and ethnohistoric evidence is often biased 
to events. Research methods that access the 
indicators of the past archived within sediment 
sequences can provide a long-term record. Those 
based on geomorphological evidence have 
shown substantial erosion and re-deposition on 
sediments in the Murrumbidgee floodplain from 
very early in European settlement (Wallbrink 
et al. 1998; Prosser et al. 2001). Those that use 
fossil indicators within wetland sediments have 
shown substantial change in water quality, again 
from early in European settlement (Thoms et al. 
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1999; Ogden 2000; Reid et al. 2002; Gell et al. 
2005a, b). While it is acknowledged that the pre-
European condition of a wetland may be beyond 
the reach of even the best resourced rehabilitation 
programs, such evidence quantitatively measures 
the degree of degradation of a wetland and 
provides a yardstick to measure the real outcomes 
of wetland rehabilitation investment. It may 
also reveal which forces have been of greatest 
influence on the natural ecological character of a 
wetland and so enables the manager to prioritise 
measures that target the principal drivers of 
ecological change. 
This study uses diatom-based 
palaeolimnological techniques to trace the water 
quality history of the eight wetlands along the 
Murrumbidgee River floodplain. The time frame 
covers the origin of each wetland through to the 
present at a resolution that reveals general trends. 
Data-bases to quantitatively reconstruct the 
history of the water quality of floodplain wetlands 
are not yet available and so the interpretation of 
change, at this stage, is based on a qualitative 
approach based on known habitat and water 
quality preferences of diatom taxa. 
METHODS
Eight wetlands along the Murrumbidgee River
floodplain between Wagga Wagga and Balranald 
were selected for sediment and diatom analysis 
(Fig. 1). These were selected in the aim of 
covering the length of floodplain. Most of the 
sites were cored with either a Livingstone corer, 
a field piston corer (Chambers & Cameron 2001) 
or a Russian (d-section) corer (after Jowsey 
1966). Some dry sites were augured with an 8 cm 
diameter auger head. More than 7 m of sediment 
was recovered, in the form of ten cores from eight 
sites. In all cases coring continued until the core 
head met resistance from the lower sediments. 
The upper sediments of each core were sub-
sampled to identify the arrival of Pinus pollen in 
the record following the bulk method of Ogden 
(1996). Pinus pollen is wind transported and so 
is a grain that is well represented in sediment 
sequences. The level of its first arrival in sediment 
sequences has frequently been attributed a date 
of ~ 1850 AD.  However, recent studies have not 
detected it below sediments independently dated 
to the mid-1900s (e.g. Gell et al. 1993). As such 
it is used here as a label for sediments deposited 
after European sediment but no definitive age is 
given to the level of its first detection. 
Twenty samples (Coonancoocabil Lagoon 
(10); Balranald Weir (5); Berry Jerry Lagoon (5)) 
were selected for gamma spectrometry to generate 
a 210Pb decay profile and to gain evidence for 137Cs
activity. Extrapolations of these data to estimate 
the onset of European settlement are made in 
recognition of the high sediment fluxes between 
the beginning of settlement and regulation 
(Wallbrink et al. 1998; Prosser et al. 2001), and 
reduced fluxes since (Olley & Wallbrink 2004).
The nature of the sediment in a core sequence 
can provide evidence of the nature of a wetland and 
its source river through time. The sediments of all 
cores were described (sensu Kershaw 1997) and 
their magnetic susceptibility, moisture, organic 
and carbonate content determined. The magnetic 
susceptibility of all cores was determined with 
a Bartington MS2 meter and loop. The moisture 
content of each core is determined by loss of 
weight on drying at 50 ºC. The organic content 
is the loss of weight on combustion at 550 ºC 
for two hours. The proportion of carbonate in the 
inorganic remains was determined by the loss of 
weight on combustion at 925 ºC for four hours. 
Samples of 0.25 – 0.5 cm3 were taken for 
diatom analysis from multiple levels along each 
core. More samples were taken from the longer 
cores and in all cases sampling resolution was 
greatest near the surface. Samples were prepared 
using standard hydrochloric acid and hydrogen 
peroxide digestion techniques (after Battarbee et
al. 2001) and mounted on slides using Naphrax 
mountant. Coverslips were traversed and diatom 
taxa identified and enumerated until 200 valves 
were counted. Identification was supported by 
standard texts (Krammer & Lange-Bertalot 
1986, 1988, 1991a, 1991b; Sonneman et al. 
2000). The relative abundance of each taxon is 
shown against sediment depth using the program 
C2 (Juggins 2003). The taxa have been attributed 
to ecological groups that relate to water source 
and condition based on van Dam et al. (1994), 
Gell (1997), Gell et al. (2002), Sonneman et al. 
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Fig. 1. Location of Murrumbidgee River floodplain wetlands
46
(2000), Tibby (2004) and Tibby & Reid (2004). 
A dendrogram (CONISS) reveals statistically the 
level of greatest change in the diatom flora (the 
greater the total sum of squares the more different 
the assemblages).
RESULTS
The records of changing diatoms assemblages 
and sediments from the wetlands are provided 
in downstream order in Figs. 2-11. They are 
described from the base upwards to follow 
change through time. 
Bomen Lagoon
An 85 cm core was extracted from Bomen 
Lagoon. The lowest 30-35 cm of sediment 
is grey, silty clay (Figure 2). Above this the 
stratigraphy is variable with greater proportions 
of silt. The magnetic susceptibility values varied 
between –10 units except from 70-55 cm where 
they approached 1. Peaks are noted at 82, 76, 
52 and 27 cm. Pine pollen was recorded from 
40 cm to the surface. The diatom community 
in the lower sediments (85-60 cm) preserved a 
mixed assemblage of benthic (Navicula spp.) and 
planktonic taxa (Aulacoseira spp., Cyclotella
pseudostelligera). The nutrient indicator taxa 
Cyclostephanos tholiformis and Stephanodiscus 
hantzschii/Cyclotella meneghiniana are common 
at 80 cm and between 70-65 cm respectively. The 
middle diatom zone (60-17 cm) is heralded by an 
increase in aerophilous types (Diploneis parma,
Luticola mutica) and epiphytes of the genus 
Gomphonema. Centric species are abundant at a 
range of levels but particularly at 35 cm where 
they jointly represent ~ 50% of valves. The 
relatively clearwater, centric diatom Cyclotella
stelligera increases from 30 cm. The upper zone 
(17-0 cm) is marked by an abrupt increase in the 
epiphyte Cocconeis placentula and the nitrogen 
heterotroph Cyclotella meneghiniana. Several 
taxa (Amphora spp., Epithemia spp., Melosira
spp.) are exclusive to, or most abundant in, this 
zone while Cyclostephanos tholiformis,Diploneis 
parma, Luticola mutica and Stephanodiscus 
hantzschii are largely absent. Over 50% of valves 
between 9-4 cm were Cyclotella stelligera while
50% were Cyclotella meneghiniana at 3 cm. 
Berry Jerry Lagoon
The sediments of the 150 cm long core were 
predominantly grey clays (Figure 3). The 
proportion of silt increases from 23 cm and 
organic matter from 10cm. 210Pb activity 
was measurable at 18+20 cm and 32+33 cm 
but not below (Figure 4). 137Cs activity was 
evident at 18+20 cm and 32+33 cm. It was 
close to background at 50-51 cm but within 
three standard errors and so not considered 
detectable. It was not detectable below this level.
Magnetic susceptibility values are mostly ~ 10 
but decrease to near zero between 120-90 cm 
and above 20cm. Pine pollen was detected at 6 
cm but not below. The lowermost sample (150-
95 cm) is dominated by the planktonic diatom 
Aulacoseira ambigua. The remaining five 
sediment samples in the lowest zone preserved 
a mixed assemblage of benthic (Epithemia spp., 
Eunotia spp., Pinnularia viridiformis, Stauroneis 
phoenicenteron) and epiphytic (Cocconeis
placentula; Gomphonema spp.) taxa. The small 
planktonic form Aulacoseira subborealis is well 
represented. At 90 cm Melosira varians and
Melosira arentii increase and Gyrosigma spp. 
appear. The brackish Chaetoceros sp. peaks 
between 80 and 60 cm and Gyrosigma spp. 
reach 30% of valves at 60 cm. The boundary to 
the next zone, at 35 cm, represents the greatest 
change in diatom flora heralded by the loss of 
Chaetoceros sp. and Gyrosigma spp. and the 
increase in Aulacoseira subborealis. From 20 
cm aerophilous forms, particularly Diadesmis
confervaceae, increase with Gomphonema spp. 
and Pinnularia viridiformis. The river plankter 
Aulacoseira granulata is confined to this zone. 
Yanco Agricultural High Weir
The basal sediments of this 55 cm long core are 
heavy clay, above which is fine silty-clay with 
increasing evidence of detrital matter (Figure
5). The magnetic susceptibility record declines 
steadily from the base of the core suggesting a 
gradual but sustained shift in sediment source. 
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Fig. 2.  Summary Diatom Diagram of Bomen Lagoon
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Fig. 3.  Summary Diatom Diagram of Berry Jerry Lagoon
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Fig. 4.  210Pb profiles for a) Berry Jerry Lagoon b) Coonancoocabil Lagoon core B1 c) Balranald Weir
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Pine pollen was detected as low as 18 cm. The 
basal sample (55 cm), in the heavy clay, is without 
preserved diatoms. The lower diatom zone (55 
– 28 cm) features aerophilous taxa (particularly 
Diadesmis confervaceae, Hantzschia 
amphioxys), the epiphyte Gomphonema spp. 
and the benthic Nitzschia spp. Few planktonic 
forms were recorded. The next zone (28 – 10 
cm) is marked by the dominance of Diadesmis 
confervaceae and a minor increase in Achnanthes 
spp. and Planothidium spp. Gyrosigma spp. 
were noted between 28 – 25 cm. Diadesmis 
confervaceae declines sharply into the upper 
zone (10 – 0 cm) to be replaced by a mixed 
assemblage comprising Sellaphora pupula,
Achnanthes spp., Amphora spp., Cocconeis 
placentula, Gyrosigma spp., Placoneis spp. and 
Staurosira construens. 
Coonancoocabil Lagoon (core A)
A 115 cm core was extracted from this site. The 
basal 20 cm of sediments are heavy clay. Above 
this they are predominantly silt (Figure 6). There 
is a greater sand fraction between 30-20 cm and 
the appearance of fine rootlets in the upper 20 
cm. The magnetic susceptibility trends towards 
zero at 80 cm and gradually increases to 24 by 
50 cm. Values vary greatly between 35-25 cm 
and then low values persist to the surface. Pine 
pollen was detectable at 40 cm but not below. 
No diatoms were preserved below 70 cm. The 
lowest sample in which diatoms are preserved 
is dominated by the epiphyte Cocconeis 
placentula and Melosira spp. Benthic forms 
(e.g. Gyrosigma spp., Navicula spp.) increase 
at 60 cm, as does Aulacoseira subborealis. The 
arrival of Aulacoseira ambigua and Aulacoseira 
granulata marks the beginning of the next 
zone (45-12 cm). Here, the eutraphentic taxa 
Cyclotella meneghiniana and Stephanodiscus 
hantzschii increase and Melosira spp. decline. 
Navicula spp. are common. The upper 12 cm 
is characterised by plankton dominance (mostly 
Aulacoseira granulata, Aulacoseira subborealis,
Cyclotella meneghiniana, Cyclotella stelligera 
and Stephanodiscus hantzschii) and increases 
in Achnanthes spp. and facultative planktonic 
taxa. The brackish taxon Cyclotella striata 
is common between 10-5 cm and Cyclotella 
stelligera achieves representation greater than 
30% of valves at 2 cm. 
Coonooncoocabil Lagoon Core B1
The sediments of this 50 cm long augur core 
are silty clay throughout with some variation in 
darkness (Figure 7). 210Pb activity was measurable 
in all samples down to, and including, 20-25 cm but 
not below (Figure 4). 137Cs activity was evident in 
all samples down to, and including 25-30 cm, but 
not below.  At 25-30 cm 137Cs activity was within 
three standard errors and so is not considered 
detectable. Pine pollen was detected as low as 
28 cm. No diatoms were preserved in the lower 
two, or upper two, samples. From 50-27.5 cm the 
diatom assemblage is dominated by Melosira spp., 
Navicula spp. and, in the upper sections, Pinnularia 
braunii. Eunotia spp., Gomphonema spp. and 
Bacillaria paxillifer are regular members of the 
flora. The middle zone is characterised by high 
numbers of the epiphyte Cocconeis placentula,
representing over 60% of valves at 20 cm. The 
benthic saline indicator Gyrosigma attenuatum 
dominates at 10 and 5 cm and Nitzschia spp. are 
most common here. Most other taxa are at their 
lowest values in the upper zone. 
Coonooncoocabil Lagoon Core B2
The lower sediments are medium clay but above 
25 cm, they are described as silty clay (Fig. 8). 
The magnetic susceptibility values peak at 24 cm 
and are lowest at 14 cm. Pine pollen was found 
as low as 16 cm. The lowest zone is dominated 
by Melosira varians and Melosira arentii with 
modest numbers of Epithemia spp. at 33 cm. 
The next zone is marked by an increase in 
Bacillaria paxillifer and Cocconeis placentula. 
Diadesmis confervaceae is common between 21-
13 cm. Cyclotella spp. increase here are relatively 
common to the top of the core. The next zone is 
sees the replacement of Bacillaria paxillifer and 
Cocconeis placentula with Aulacoseira spp. and a 
range of benthic forms. More than 30% of valves 
at 5 cm are of the saline indicator Gyrosigma 
attenuatum. The uppermost zone sees the 
Aulacoseira/Cyclotella plankton flora joined by 
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the nutrient indicators Stephanodiscus hantzschii 
and Thalassiosira pseudomana and the nutrient-
tolerant Gomphonema spp. maintain their highest 
levels for the core. 
Gooragool Lagoon
The sediments of this 70 cm long core are medium 
to heavy clay ranging in colour from brown to dark 
grey (Fig. 9). The magnetic susceptibility varies 
in the lower sediments with a substantial peak 
at 67 cm. Above 40 cm these values are reliably 
between 15-25.  Pine pollen was only recorded 
to 3 cm depth. Diatoms were not preserved in the 
basal sample. At 60 cm the assemblage is a mix of 
benthic and planktonic taxa with Epithemia spp., 
Eunotia formica and Craticula cuspidata common 
amongst the former and Aulacoseira ambigua 
and Aulacoseira subborealis in the latter group. 
Navicula spp. increase quickly to dominate at 50 
cm, then decline at 30 cm but remain common 
to the top of the core. At 20 cm Tryblionella spp. 
increase in association with Gyrosigma spp. At 15 
cm these decline leaving a mixed assemblage. The 
upper zone (13-0 cm) is characterised by the influx 
of Gomphonema spp. and Nitzschia spp. and an 
increase in Aulacoseira granulata, Cyclotella 
meneghiniana, facultative planktonic forms as 
well as, in some levels, Cyclotella stelligera. 
Homestead Lagoon
A 35 cm core was retrieved from Homestead 
Lagoon. From 35 – 5 cm the sediments are light or 
silty clay (Fig. 10). The upper 5 cm are medium clay. 
Pine pollen was found as low as 15 cm. The most 
common taxa in the lowest sample are Aulacoseira
spp. and Chaetoceros muelleri. Melosira varians
increases to 40% of valves at 30 cm but is largely 
replaced by Cocconeis placentula, Aulacoseira 
spp. Gyrosigma spp. and Melosira arentii in the 
next zone (27-13 cm). Melosira varians returns 
to share dominance with Melosira arentii and 
Pseudostaurosira brevistriata at 5 and 10 cm. The 
uppermost sample (1 cm) is the most distinctive 
with Diadesmis confervaceae, Gomphonema 
parvulum, Nitzschia spp., Chaetoceros muelleri 
and Cyclotella meneghiniana being well 
represented. 
McKenna’s Lagoon
The sediments of this 40 cm long core are 
largely grey clay varying in darkness (Fig. 11). 
Pine pollen was detected as far as 17 cm. 
The lowest zone is dominated by Melosira 
varians that cedes dominance to Epithemia 
adnata and Cyclotella meneghiniana by 30 
cm. Gomphonema parvulum and Chaetoceros 
are well represented, as is Pseudostaurosira 
brevistriata at 35 cm. The next zone (26-13 cm) 
is characterised by Gomphonema parvulum,
Pseudostaurosira brevistriata and Staurosira 
construens. The uppermost zone (13-0 cm) is 
marked by a return of Epithemia spp. and a peak 
in Melosira arentii. Cocconeis placentula peaks 
at 5 cm while the uppermost sample is mainly 
Psammothidium saccculum, Tryblionella 
hungarica and Cyclotella meneghinaina, in the 
absence of Epithemia spp. 
Balranald Weir
The 100 cm long core was predominantly grey-
brown clay with a shallow detrital layer in the 
upper centimetre (Figure 12). 210Pb activity was 
measurable at 18-19 cm but not below (Fig. 4). 
137Cs activity was evident at 18-19, 30-31 & 50-
51 cm but not below. Magnetic susceptibility 
values increase at 38 cm and, from 13 cm, 
decline to the surface. Pine pollen was not 
evident below 3 cm. The lowest diatom zone 
(100-73 cm) is characterised by high magnetic 
values and a diverse flora comprising epiphytic 
(Cocconeis placentula) and benthic taxa 
(Navicula spp., Pinnularia spp.), as well as a 
range of planktonic forms (Aulacoseira spp., 
Cyclotella spp.). The next diatom zone (73-36 
cm) is marked by an abrupt shift to Aulacoseira 
spp., firstly A. ambigua and A. granulata, and 
then, at 60 cm, by the smaller A. subborealis. 
Magnetic susceptibility values decline abruptly 
at the base of the zone and decline through 
it. Aerophilous taxa (that reflect erosion or 
exposed mudflats) reach maximum values at 
60 cm. Aulacoseira subborealis is replaced 
largely by A. ambigua and A. granulata in 
the uppermost zone (36–0 cm), which is also 
characterised by increased representation of 
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Fig. 5.  Summary Diatom Diagram of Yanco Agricultural High Weir
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Fig. 6.  Summary Diatom Diagram of Coonancoocabil Lagoon A
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Fig. 7.  Summary Diatom Diagram of Coonancoocabil Lagoon B1
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Fig. 8.  Summary Diatom Diagram of Coonancoocabil Lagoon B2
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Fig. 9.  Summary Diatom Diagram of Gooragool Lagoon
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Fig. 10.  Summary Diatom Diagram of Homestead Lagoon
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Fig. 11.  Summary Diatom Diagram of McKenna Lagoon
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Fig. 12.  Summary diatom record from Balranald Weir
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Cyclotella meneghiniana and Cyclostephanos 
tholiformis. The nutrient indicator Nitzschia 
amphibia reaches its maximum values at 20 
cm.
DISCUSSION
Chronology and Sedimentation Rates
The 210Pb and 137Cs activities of several 
samples from three cores were analysed. These 
techniques work well in situations (e.g. crater 
lakes) where most of the input is from aerial 
sources. In fluvial systems, interpretation of 
changes in the activities of these elements is 
complicated by the likelihood of sometimes 
rapid input of material transported from a 
range of sources (see Gell et al., 2005a and 
2005b for discussion). Where sedimentation 
rates change, many more analyses are needed, 
in fine resolution, to pinpoint the timing of the 
change. So, in the case of three of these sites, 
the combination of 210Pb, 137Cs and pine pollen 
provides corroborative evidence to establish 
a chronology, but it remains tentative given 
the fluvial setting and the relative paucity of 
samples analysed. For the remaining sites the 
chronology rests on the first presence of pine 
pollen and that point could be any time between 
1850 and 1950 AD. 
The presence of pine pollen at 40 cm in the 
85 cm long core from Bomen Lagoon suggests 
that this record is quite young. It could be 
reasonably postulated that the major change in 
diatom flora and magnetic susceptibility at 60 
cm marks the impact of European settlement. 
The recent sedimentation rate is therefore ~ 4
mm/yr, which is moderately high. Among the 
diatom flora, the presence of nutrient indicators 
as low as 80 cm suggests that, in fact, the 
entire record may be post-European, even 
post-regulation. If the latter is the case then 
a sedimentation rate of 10 mm/yr would be 
calculated. This is high, but not unprecedented 
in lowland river wetlands of the Murray-
Darling Basin (Gell et al. 2006). 
The absence of pine pollen at 10 cm at Berry 
Jerry Lagoon suggests that much of the lower 
sediments were deposited before European 
settlement, although, as noted above, that point 
is likely to be well below 10 cm. The presence 
of excess 210Pb and 137 Cs at 32 cm suggests 
however that most of the record covers the 
period of European settlement. Here, in the 
absence of a more reliably chronology, 95 
cm is assumed to represent early European 
settlement and 35 cm is assumed to represent 
~ 1920 AD. The recent sedimentation rate is 
therefore ~ 4.1 mm/yr which is moderately 
high. 
The absence of pine pollen at 20 cm at 
Yanco Agricultural High Weir suggests that 
the base of the record may extend beyond the 
beginning of European settlement. Assuming 
50 cm marks the beginning of settlement, the 
minimum sedimentation rate is 3-4 cm/yr, which 
is moderately high.
Pine pollen extends almost half way down 
each core from Coonancoocabil Lagoon 
suggesting that all three may extend to the 
beginning of European settlement only. The 
presence of excess 137Cs at 20-25 cm, but not 
below (nominally undetectable at 25-30 cm), 
supports the theory that the record for core B1 is 
all post-European. It would have been expected 
that 210Pb would have been detectable at or below 
30 cm however this is not the case. Here, in the 
absence of a more reliably chronology, ~ 1920 
AD is believed to be equivalent to 40 cm in core 
A and ~ 15 cm in core B2 based on the increase 
in Aulacoseira spp. The recent sedimentation 
rates are therefore ~ 4.7 mm/yr and 1.8 mm/yr 
respectively which is moderate to low compared 
to other post-European records in the Murray-
Darling Basin. The low numbers of Aulacoseira
spp. in core B1 limit the identification of the time 
of river regulation. Assuming 30 cm predates the 
arrival of 137Cs in 1958 AD, then the minimum 
sedimentation rate is 6.4 mm/yr. 
The absence of pine pollen below 5 cm in 
Gooragool Lagoon suggests the lower sediments 
represent a period pre-dating European 
settlement. If the rise in Aulacoseira ambigua 
and Aulacoseira granulata represent regulation, 
the upper sedimentation rate is approximately 
1mm/yr, which is low.
The presence of pine pollen at 15 cm in 
Homestead Lagoon suggests that most, if not 
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all the record covers the European period. This 
suggests that the minimum sedimentation rate 
is 1 mm/yr although it is likely to be 3-5 times 
greater than this.
The presence of pine pollen at 20 cm in 
McKenna’s Lagoon suggests that most, if not all 
the record covers the European period. This gives 
a minimum recent sedimentation rate of 1-2 cm 
but it is likely to be at least double that.
The absence of pine pollen at 5 cm at Balranald 
Weir suggests that this record extends well 
beyond the beginnings of European settlement. 
Well-dated sequences however, have shown pine 
pollen influx to mark dates as young as 1965 AD 
(Gell et al. 1993; Bickford 2001) and so it cannot 
be presumed that sediments below 5 cm pre-date 
European settlement. The detection of 137Cs as 
low as 50 cm suggests that these sediments may 
be much younger and that, in fact, the record may 
span little more than a century. The absence of 
excess 210Pb, possibly at 50 cm, but certainly at 64 
cm, contradicts this however. Here, in the absence 
of a more reliably chronology, 75 cm is assumed 
to represent ~ 1920 AD based on the increase in 
Aulacoseira spp. The recent sedimentation rate is 
therefore ~ 8.8 mm/yr, which is high. 
Water Quality Changes in Murrumbidgee 
Wetlands
The changing water quality conditions of wetlands 
along the Murrumbidgee River floodplain, as 
inferred from the changes to the fossil diatom 
assemblages, are provided in table 1. Four broad 
time frames are provided owing to the lack of 
clear chronological control. 
Baseline Conditions
The only record that definitively extends into 
the pre-European period is that from Berry 
Table 1. Catchment-wide patterns of water quality changed inferred from fossil diatom assemblages
Pre-European Early post- 
European
Mid post- 
European
Recent decades
Bomen Lagoon eutrophication 
sedimentation
eutrophication 
sedimentation
brackish
Berry Jerry shallow, 
macrophystes 
brackish regulation eutrophication 
sedimentation
Yanco Agricultural
High Weir
sedimentation turbidity 
salinity
turbidity 
eutrophication?
Coonancoocabil
Lagoon
shallow regulation eutrophication 
salinisation
sedimentation
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Jerry Lagoon. This lagoon was originally river-
connected as indicated by a peak in the plankton 
Aulacoseira ambigua. Up to the first impact 
of European people Berry Jerry Lagoon was 
mainly shallow and macrophyte rich. The basal 
sediments of Coonancoocabil Lagoon may 
also represent a pre-impact baseline, support 
epiphytic taxa such as Cocconeis placentula,
Epithemia spp and Melosira spp. also suggesting 
clearwater, macrophyte rich conditions. This 
baseline condition is also reflected in Gooragool 
Lagoon where epiphytic and benthic taxa, and 
Aulacoseira ambigua, dominate the lowest 
samples.  
Early Human Impact
Three wetlands reveal evidence for increased 
salinity levels early in European settlement. The 
arrival, at Berry Jerry Lagoon, of the Chaetoceros,
joined by Gyrosigma spp., marks an extended 
phase of elevated salinity centred on the late 
1800s.  The high proportions of Chaetoceros
muelleri in the basal samples of Homestead and 
McKenna’s Lagoons suggest brackish conditions 
at their origin. At McKenna’s Lagoon the peak 
in Cyclotella meneghiniana suggests an early 
influx of nutrients. At Yanco Weir the changing 
lithostratigraphy and the dominance of the 
aerophilous Diadesmis confervaceae from 30 
cm suggest an early increase in sediment input. 
Such early increases in salinity and sediment 
supply were documented at Tareena Billabong 
downstream from Wentworth (Gell et al. 
2005b).
Post Regulation
Several sites reveal the impact of river regulation 
through increases in the river plankton Aulacoseira
spp. This effect is widely documented across 
the River Murray system (Gell et al. 2005a) and 
reflects artificially elevated water levels and a 
shift to a phytoplankton dominated state. Turbid 
water indicators are evident at Yanco Weir from 
this time. The onset of eutrophication appears to 
commence at this time in Bomen and Homestead 
Lagoon as indicated by the arrival of Cyclotella 
meneghiniana in both and Nitzschia spp. and 
Gomphonema spp. in the latter. Increases in 
Tryblionella spp. mark the onset of salinisation 
at Gooragool Lagoon and Yanco Weir with the 
latter also supporting Gyrosigma spp. 
Recent Impacts
The diatom flora of all sites reveal nutrient 
enriched conditions in modern times. The 
principal indicators of this are Cyclostephanos 
dubius, Cyclostephanos tholiformis, Cyclotella 
pseudostelligera, Cyclotella meneghiniana,
Nitzschia amphibia, Stephanodiscus hantzschii,
Stephanodiscus niagarae and Stephanodiscus 
parvus, all that are widely recognised as 
preferring eutrophic conditions (e.g. van Dam 
et al. 1994). Other than Bomen Lagoon, these 
taxa are absent, or at least rare, in the basal 
sediments of all sites. Recent salinisation is 
evident is several sites. Actinocyclus normanii,
a river plankton with an elevated salinity 
tolerance (Tibby 2004), arrives in the uppermost 
samples of Bomen and Homestead Lagoons 
and Balranald Weir suggesting elevated river 
salinities. Elsewhere, benthic halophiles e.g, 
Gyrosigma attenuatum, reveal local salinisation 
effects. Other than for the uppermost sample 
the recent flora at Berry Jerry Lagoon was not 
dissimilar to those at its origin (core base). 
In all other sites the flora contained in the 
uppermost samples is in clear contrast to the 
basal sediments demonstrating the water quality 
of all wetlands has changed. The modern taxa 
are reflective of saline, nutrient rich or turbid 
conditions revealing symptoms of widely 
recognised anthropogenic stressors on lowland 
floodplain wetlands. Similar species have come 
to dominate the fossil records from wetlands 
in the lower reaches of the River Murray (Gell 
et al. 2005a; 2006) suggesting these changes 
are catchment-wide and not specific to the 
Murrumbidgee River system. 
CONCLUSION
The diatom assemblages in most lagoons 
display a high degree of variability through 
time, masking any clear interpretations 
for limnological change. Nevertheless, the 
sustained presence of several reliable indictors 
of elevated nutrients, salinity or turbidity, allow 
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for general trends in water quality to be inferred. 
It is evident from the sites with long records 
that, before European settlement, wetlands were 
shallow, fresh and clear relative to the present. 
Assuming the postulated chronology is close to 
real, it is evident that there was an increase in 
salinity, nutrient levels and sedimentation from 
early in European settlement. Several wetlands 
show a clear increase in Aulacoseira spp. 
consistent with increased hydrological linkage to 
the main river after regulation. Eutrophication, 
but also increased salt and sediment supply, is 
also a feature of this time period. Relative to 
their original condition, all sites are impacted 
in terms of their diatom-inferred water quality. 
All are nutrient enriched, some more obviously 
than others. Increased rates of sedimentation 
are widespread, despite reduced loads in the 
Murrumbidgee River itself in recent years 
(Olley & Wallbrink 2004). Wetland turbidity 
and salinity appears to have increased since 
European settlement. Salinity appears to have 
decreased recently at selected sites. These 
changes are consistent with those documented 
in the lower part of the system suggesting they 
are catchment wide symptoms and not peculiar 
to individual wetlands or stretches of floodplain. 
The extraction of the fossil remains of other 
biological indicators will enable a broader 
ecosystem response to these diatom-inferred 
changes to be documented. 
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New South Wales Ramsar Managers Network - government and 
landholders working together 
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Abstract:  The New South Wales Ramsar Managers Network is a group of private landholders and 
Government representatives involved in the management of Ramsar wetlands in New South Wales. It was 
established by the Minister for the Environment in September 2003 to address increasing concerns from 
private Ramsar managers that their commitment to conservation was not being adequately recognised by 
Government. Private landholders were concerned that the importance of Ramsar wetlands was not being 
recognised by Government or the community, particularly with regard to water sharing and funding for 
on ground management. In the last two years, the network has made good progress in raising the profile 
of Ramsar wetlands in New South Wales, attempting to acquire adequate water to maintain ecological 
character and highlighting the challenges facing private Ramsar managers. Activities have included: 
ecological character descriptions, state communications program (e.g. Ramsar brochures, videos, 
television advertisements, school presentations), liaison with relevant Ministers to raise the profile of 
challenges facing private Ramsar managers, meeting every six months with relevant stakeholders, field 
trip including private Ramsar managers from across Australia and attendance at key events. The network 
is an example of private landholders and Government working together, sometimes successfully and 
sometimes not, to achieve conservation outcomes and assist Ramsar achieve its potential on private 
land. Responses to lessons learnt and challenges for the network will be discussed. 
INTRODUCTION
The New South Wales Ramsar Managers 
Network (RMN) is a group of private 
landholders and Government representatives 
involved in the management of Ramsar 
wetlands in New South Wales. Established 
in 2003 by the New South Wales Minister for 
the Environment, the RMN aims to support 
private/community Ramsar managers and 
provide a link to information and resources 
within Government. The group seeks to 
raise the awareness of the value of wetlands 
and the Ramsar Convention in New South 
Wales and assist private Ramsar managers 
to maintain the ecological character of 
their wetlands. Ramsar wetlands are those 
that have been listed under the Ramsar 
Convention as wetlands of international 
importance.
BACkgROUND
In the past, Ramsar nominations in New 
South Wales were primarily focussed on 
NSW Department of Environment and 
Conservation (DEC- previously the NSW 
National Parks and Wildlife Service) estate, 
but today Ramsar sites cover a range of tenure 
e.g. private land, National Park, Nature 
Reserve, Crown land and State Forests. New 
South Wales leads Australia with its number 
of private Ramsar sites, having four of its 11 
sites occurring wholly or partly on private or 
community managed land including Gwydir 
wetlands, Macquarie Marshes (Wilgara 
wetland component), Fivebough and Tuckerbil 
wetlands, and Hunter Estuary (Shortland 
wetland component). Some of these private 
Ramsar managers expressed concern that 
their commitment to conservation was not 
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being recognised by Government and it 
became apparent that they did not have the 
same scientific, funding or promotional 
support that government Ramsar managers 
have despite both providing the same 
important environmental service. RMN was 
consequently established to ensure processes 
were in place to support private Ramsar 
managers. 
NeW SOUTH WAleS RAMSAR
MANAgeRS NeTWORk
The New South Wales Ramsar Managers 
Network (RMN) has 15 members and 
comprises representatives from the four 
private Ramsar sites in New South Wales; 
DEC; Department of Environment and 
Heritage (DEH); Department of Natural 
Resources (DNR); Forests NSW (FNSW); 
and WWF Australia. RMN is coordinated by 
DEC. 
Goals of the RMN are to: 
• Identify needs/issues of private  
 Ramsar managers;
• Assist in developing solutions;
• Provide link to relevant resources  
 and Government/Catchment  
 Management Authorities;
• Provide a network and structure  
 to raise issues as they arise; and
• Raise awareness of Ramsar.
The main issues for private Ramsar managers 
in New South Wales that the network has 
sought to address during the last three years 
are: adequate and appropriately managed 
shares of water, increased support and 
access to funding for identified management 
actions; and increased support for the control 
of weeds. 
Activities
Significant funding (approximately $500,000) 
from the Australian Government through the 
Natural Heritage Trust (NHT) has allowed the 
network to initiate and implement a number 
of activities including: Ecological character 
descriptions for each site; New South Wales 
Ramsar Wetlands Communication Program 
and site management actions e.g. weed and 
erosion control, wetlands officer (Fivebough 
and Tuckerbil Swamps), Management 
Plans updated, Lippia control research, 
establishment of photopoints for monitoring 
wetland condition and interpretative signs.
The New South Wales Ramsar Wetlands 
Communication Program (RWCP) is a two year 
program initiated by RMN and coordinated by 
Hunter Wetlands Centre Australia and seeks to 
raise awareness of the value of wetlands and 
the Ramsar Convention within Government 
and the broader community. RWCP has 
implemented a number of activities including: 
television and radio interviews, brochures, 
website (www.ramsarwetlands.nsw.gov.
au), wetland video, school presentations, 
wetland education kit- recommendations for 
upgrade, posters and trade display products 
e.g. magnets, postcards, pens, shower timers. 
Baseline data on the existing awareness of 
wetlands and Ramsar among Government 
and community was conducted at the start of 
the program and is currently being compared 
to awareness levels at the completion of 
the program so that the effectiveness of the 
program can be evaluated.
Presentations on Ramsar and RMN
activities were given to each of the four 
CMAs that have a private Ramsar wetland in 
their area. RMN has also provided input to 
the development of wetland targets for each 
of the relevant Catchment Action Plans to 
ensure that processes are in place for future 
management of private Ramsar sites.
The RMN also plays an extensive lobbying 
role meeting with Ministers and Director-
Generals of Government departments to 
discuss Ramsar issues on private land. The 
RMN Chair (private land manager) and 
Coordinator (DEC employee) meet with 
the Minister for the Environment and DEC
Director-General after each RMN meeting 
to discuss outcomes. RMN meets every six 
months with key stakeholders to discuss 
Ramsar and wetland management issues. 
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Challenges and achievements
Despite the challenges for the group (Table 
1), RMN has made a number of significant 
achievements over the last three years. It has 
become an effective lobby group for wetland 
conservation in NSW with more than $132 
million committed to NSW wetlands since 
the RMN established. This includes funding 
from NSW Riverbank ($105 million), NSW 
Wetland Recovery Package ($26 million) and 
NHT project funding. Although the Macquarie 
Marshes and Gwydir wetland sites have not yet 
received any water, processes are in place to 
purchase water and the group is actively working 
(directly or as a lobby group) toward achieving 
water savings such as regulation of water 
extraction, regular use of the Environmental 
Contingency Allowance, implementation of 
an effective floodplain harvesting policy and 
protection of unregulated flows.
RMN has also been effective in re-
establishing a profile for Ramsar within the 
state and providing a structure for direct 
communication between private land managers 
and Government. The successes to date have 
demonstrated the power of landholder/ agency 
partnerships.
Table 1.  Challenges for the Ramsar Managers Network
Challenge Attempted solution Has it been successful?
High turnover of 
Government staff.
Additional observers 
from same department 
invited, regular 
meetings.
To some extent but remains frustrating for 
both landholders and other members. “Loss of 
institutional memory” is a key factor in water 
crisis conflict as new members are less aware of 
the urgency for action (Scholz and Stiftel 2005).
Ownership of RMN 
by private Ramsar 
managers.
DEC facilitates and 
does not initiate. Private 
Ramsar managers decide 
on agenda, frequency, 
actions of meeting. 
To some extent but some difficulties have 
occurred recently consolidating as a group. 
Managers wanting 
to see results 
immediately.
Regular meetings 
and email updates on 
progress.
Successful for two of the sites but the remaining 
two sites have not received any water despite 
the processes now being in place and some 
managers remain frustrated.
Mixed group with 
widely different 
backgrounds.
Remind ourselves of 
our common larger 
goal- conservation of 
wetlands.
To some extent but group very reactive to 
individual member actions. 
DISCUSSION
Community participation in ecosystem 
management is rare and usually involves 
agencies merely practicing “tokenism” where 
the community is asked for comment after the 
agency has already made a decision (Duane 
1997). In contrast, the private Ramsar managers 
of RMN decide on actions and direction for 
the group, meeting agendas, invitees and 
venues etc. DEC’s role is to facilitate and not 
initiate. A participatory approach to resource 
management is, however, extremely resource 
intensive.
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The success of the network depends on the 
scale under which it is examined. For two of the 
sites the benefits have been clear e.g. recruitment 
of wetlands officer, weed control, funding and 
networking opportunities. However, for the two 
sites where lack of water is the key issue no 
change in availability has occurred. The scale of 
change required for the latter two sites, however, 
far exceeds any short-term goals and will involve 
major institutional shifts in the way in which 
water is managed. For water to be returned to 
these wetlands, long term commitment to private 
Ramsar wetlands is needed from Government,
as well as rain, and effective regulation of water 
management. 
Despite the challenges, RMN has played a 
significant role in the conservation of wetlands in 
NSW and demonstrates the power of landholder/
agency partnerships. 
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